Abstract
Results
Percentage of non-stuttering children for direct treatment was 76.5% (65/85) versus 71.4% (65/91) for indirect treatment (Odds Ratio (OR), 0.6; 95% CI, 0.1-2.4, p = .42). At 3 months, children treated by direct treatment showed a greater decline in %SS (significant interaction time x therapy: β = -1.89; t(282.82) = -2.807, p = .005). At 18 months, stuttering frequency was 1.2% (SD 2.1) for direct treatment and 1.5% (SD 2.1) for indirect treatment. Direct treatment had slightly better scores on most other secondary outcome measures, but no differences between treatment approaches were significant.
Methods

Study design, participants and setting
This parallel group randomized trial named RESTART (the Rotterdam Evaluation Study of Stuttering Therapy in preschool children-a Randomized Trial) included 199 preschool children who stutter, who were registered at one of the 20 participating speech clinics (including 24 SLPs) throughout the Netherlands. Eligible participants were children (1) aged 3.0-6.3 years, (2) with a stuttering severity rating ! 2 ('mild') on an 8-point scale [11] provided by the parent (3) and by the clinician, (4) who stuttered ! 3% of syllables and (5) for at least 6 months. The inclusion criterion of at least 3% syllables stuttered (SS) had replaced the original criterion of 'at least 3.3% Stuttering Like Disfluencies (SLD)' shortly before the start of the trial. This was based on critics on the SLD measure in literature and on the results of a study into the validity of the SLD measure that we conducted at our center. Exclusion criteria were a diagnosis of an emotional, behavioral, learning or neurological disorder, or a lack of proficiency in Dutch for children or parents. The exclusion criterion of having received treatment for stuttering during the past year was omitted after 5 months, since it was noticed that by excluding these children, the external validity would be restricted. All SLPs were trained and experienced in both treatments. DCM based treatment training is included in the regular clinical education in the Netherlands, and all but one SLP had additionally been trained in the assessment and treatment of children who stutter to become a certified fluency expert recognized by the Dutch association of stuttering therapy (NVST). To ensure a uniform application of DCM based treatment, a treatment manual was developed in collaboration with all participating clinicians prior to the start of the trial. In addition, all SLPs had gone through a three day LP course taught by a LP Consortium trainer and had been certified to provide LP therapy. They had on average 15 years of experience with DCM based treatment (range 7-21 years) and 3.7 years with the LP (range 1.5-7.6 years). Therapists' fidelity to treatment was monitored in 3-monthly intervision meetings, regular telephone contacts with the research team, and by registration forms on the content and amount of treatment filled in by the SLPs and checked by the research team. The intervision meetings were chaired by a LP consortium trainer and a DCM trainer. The trial was approved by the Ethics Committee of the Erasmus MC and registered at isrctn.org (ISRCTN24362190). Written informed consent was obtained from all parents. The trial protocol and supporting CONSORT checklist are available as supporting information: see S1 CONSORT Checklist and S1 Protocol.
Interventions
Direct treatment: The Lidcombe Program. The Lidcombe Program (LP) is a behavioral treatment based on the premise that stuttering is an operant behavior that can be targeted by contingencies. The LP is administered by parents under the direction of a clinician. Children allocated to the LP were treated according to the LP manual [22] . Parents were trained to deliver verbal contingencies in conversations with their child (e.g., "That was smooth" or "Were there any bumpy words?") in a 5:1 ratio for stutter-free and stuttered speech. During the first stage of the program, the parent delivered contingencies during structured conversations of 10-15 minutes once or twice a day. The speech clinic was attended once a week. This continued until stuttering either disappeared or reached an extremely low level ( 1% of syllables stuttered). During the second stage, the use of verbal contingencies as well as the number of clinic visits was gradually reduced, provided that fluency was maintained.
Indirect treatment: The RESTART Demands and Capacities Model based treatment. RESTART Demands and Capacities Model based treatment (RESTART-DCM) is premised on the idea that positive changes in the child's functioning and/or in the environment will lead to a reduction of stuttering. Following the RESTART-DCM manual [26] , parents were trained to decrease relevant motoric, linguistic, emotional or cognitive demands, thereby reduce communicative pressure on the child (e.g., parents slowing down their habitual speech rate). If deemed necessary, the child's capacities for fluency were subsequently trained (e.g., improving the child's speech motor movements or word-finding capacity). Parents were required to give their child their undivided attention and practice home assignments 15 minutes a day, for a minimum of 5 days a week. Treatment was gradually reduced if the child showed acceptable speech, parents had mastered implementing a fluency enhancing environment and knew what to do if a relapse occurred.
Randomization and blinding
A minimization software program (MINIM2) [27] was used by the principal investigator (CdeS) to allocate children to one of the treatment arms, according to factors known or thought of to be related to treatment outcome [28] : gender, stuttering severity in the clinic (based on the SSI-3 score) [29] , time since onset (TSO; 6-12, 13-18, 19+ months), a first, second, or third degree relative with persistent stuttering (yes, no) and/or a history of recovered stuttering (yes, no), stuttering treatment during the past 12 months (yes, no), and SLP. Three stuttering severity categories were distinguished: (1) mild (SSI-3 score: 10-16); (2) moderate (SSI-3 score: 17-26); severe (SSI-3 score: 27+). For each participant, treatment allocation depended on the characteristics of the children already enrolled [28] . Judges of stuttering frequency were blinded to treatment allocation and measurement moment.
Outcome assessment
The primary outcome measure was the percentage of non-stuttering children at 18 months, operationalized as 1.5% syllables stuttered (SS). This criterion was obtained by applying a conversion ratio of 1.15 to the mean percentage of stuttered word disfluencies in children who do not stutter [30, 31] . Parents were requested to make three audio recordings of 10-15 minutes each in a period of two weeks: one sample of their child speaking to a parent at home, one to a non-family member at home and one to a non-family member away from home [32] [33] [34] .
Secondary outcome measures assessed at baseline, and at 3, 6, 12 and 18 months after start of treatment, were the frequency of stuttering (%SS), a severity rating of stuttering by the parent on an 8-point scale [11] , and parents´valuation of their child´s health-related quality of life on a proxy version of the EuroQoL EQ-VAS [35] with anchor points 0 (worst imaginable health) and 100 (best imaginable health). Secondary outcome measures assessed at baseline and 18 months were the speech attitude of the child (KiddyCAT) [36] and emotional and behavioral problems measured by the Child Behavior Checklist (CBCL) [37] . The latter consists of the scales Internalizing (anxiety, depression, withdrawal, and somatic complaints), Externalizing (aggressive and delinquent behavior), and Total problem behavior [37] . At 18 months both the SLP and the child provided a stuttering severity rating: the SLP on an 8-point scale [11] , the child on a 4-point scale where 1 = I do not stutter anymore and 4 = I stutter a lot.
Eight SLPs not involved in the study were trained to determine the %SS of the samples in real time with sufficient intrajudge reliability, using an electronic, button press counter. To ensure sufficient interjudge reliability, 64% of all samples were scored by at least two raters. Disagreements in ratings were discussed and a third, blinded senior rater was consulted in rare cases where no agreement could be reached (cf. Boberg & Kully [38] ).
Statistical analysis
An a priori power calculation to detect a difference of 15% in percentage of non-stuttering children (80 versus 95%) with a power of 80% in a 2-tailed test at a significance level of .05 and allowing a 22% drop-out rate, resulted in a sample size of 98 in each group. Baseline factors were characterized as medians, means and standard deviations for continuous variables and as frequency distributions for categorical variables. Baseline comparisons between treatment groups and between survivors and drop-outs were assessed using χ 2 tests and independent ttests. Participants were analyzed in the group to which they were randomized. The effect of treatment on the primary outcome measure was analyzed by χ 2 tests and logistic regression analysis (ENTER method). The regression analysis included the main effect of therapy and the interaction terms therapy Ã age in years, therapy Ã stuttering severity (SSI-3 score), and therapy Ã TSO. Confidence intervals around the obtained percentages of children classified as non-stuttering were calculated according to the method of Wilson [39, 40] , using a website calculator (http://www.vassarstats.net/prop1.html). In a sensitivity analysis, cut-off scores of 1% SS and 2% SS were applied to further assess the robustness of the primary outcome.
For the secondary outcomes assessed at all measurement moments (%SS, parental rating of stuttering severity, and EQ-VAS) and at baseline and 18 months (KiddyCAT and CBCL), we applied a longitudinal repeated-measures mixed effects model with random intercepts, assuming missing at random. Participant was included as a random predictor; fixed predictors were therapy, and 4 cross-products as interaction terms: time Ã therapy, and time Ã therapy Ã age, severity, and TSO, respectively. An unstructured covariance matrix was assumed for the error as a more plausible autoregressive covariance structure did not provide a better fit. This approach was also used at level 2 of the model. Since the data on %SS did not meet the assumptions needed to calculate CIs for the intraclass correlation coefficient (ICC), interjudge reliability of the speech samples was assessed using Krippendorff's alpha [41] with the option 'interval data' for the macro developed by Hayes (2013) [42] . For the outcome %SS, an additional analysis was conducted into the progression in the first 3 months. CBCL outcomes at 18 months were analyzed separately using ANOVA-analysis. Secondary outcome measures only assessed at 18 months (severity ratings by clinician and child) were compared by independent t-tests. For all secondary outcomes, unadjusted and Holm-adjusted [43] p-values are presented, using an overall level of significance of α = .05 (2-sided). The Holm's correction is generally considered a good alternative to the conservative Bonferroni approach [44] . Each p j is compared to α/ (n-j+1); that is: the smallest p j (j = 1) is compared to α/n, the next smallest to α/(n-1) etc. Treatment intensity was compared by independent t-test, and a χ 2 test was conducted to compare the number of children on treatment at the endpoint of the trial. For analysis of the questionnaires, instructions offered in the manuals were followed. All analyses were carried out in SPSS 20 (Armonk, NY: IBM Corp.).
Results
Participants
Children were enrolled between September 2007 and June 2010. Of 615 children referred for treatment, 416 were not eligible for various reasons (Fig 1) . In total 199 children met the inclusion criteria. One child was found ineligible after inclusion and therefore excluded from all analyses (Fig 1) . Baseline characteristics did not differ between treatment groups (Table 1 ). In the LP group 12 children were lost to follow-up as compared to 9 children in the RESTART-DCM group (n = 21, 11% drop out rate). Children who were lost to follow-up did not significantly differ on any baseline characteristics (age, gender, ethnicity, educational level of parent, SSI-3 score, %SS, TSO, parental ratings, stuttering in family, prior treatment for stuttering) from children who completed the trial (p-values ranging from .11 to .91). For 191 children, at least one outcome measurement after the start of treatment was available.
Speech samples
The mean number of available audio samples for a child at a measurement moment was 2.9 (range 1-6). At least 85% of all samples had a length of !300 syllables. The mean intrajudge reliability [45] of measurement of %SS was 83%. Krippendorff's alpha for samples with 2 ratings at baseline and after 3, 6, 12 and 18 months, respectively, was 0.849, 0.896, 0.817, 0.795, and 0.830; all significant, with significance obtained by bootstrapping. All scores represent good reliability [46] .
Primary outcome
At 18 months, audiotapes were available for 173 children. For 1 child in the LP and 2 in the RESTART-DCM group audiotapes were missing and replaced by videotapes made in the clinic. Table 2 ). Applying cut-off criteria of 1% SS and 2% SS did not significantly affect the results.
Secondary outcomes
The results for all secondary outcome measures at baseline and 18 months and the results for the mixed model analyses are presented in Table 2 . For the outcome %SS, the effect of therapy type was non-significant. However, a significant interaction between time and therapy type c Children with a stuttering frequency < 3% in the therapy setting but ! 3% in the home setting were included in the group 'mild stuttering' (n = 26). The KiddyCAT was only applicable for preschool children. Therefore, the effect of TSO could not be precisely estimated and TSO was left out in the analysis. doi:10.1371/journal.pone.0133758.t002
was detected (adjusted p = .008), indicating that the %SS differed for therapy groups at different time points. The effect of time was also significant (adjusted p = .002), indicating that in both treatment groups the average %SS decreased significantly over time. Effect sizes were small ( Table 2) . Fig 2 shows that in both groups most improvement in %SS occurred in the first 3 months of therapy. For this interval, an effect of therapy type was found (β = 2.30; t(217.38) = 2.10, p = .04), as well as a significant interaction between time and therapy type (β = -1.89; t(282.82) = -2.81, p = .005). Compared to the RESTART-DCM group, the LP group had a slightly higher mean %SS at baseline and showed a greater decline, resulting in a lower %SS at 3 months. Significant interactions with very small effect sizes were also present between time, therapy type, and stuttering severity (β = 0.25; t(173.94) = 2.51, adjusted p = .01) and time, therapy type, and TSO (β = -0.21; t(172.85) = 2.40, adjusted p = .02) (Fig 3) .
For the outcome parental rating of stuttering severity, a significant effect of time (adjusted p< .001) as well as a significant interaction between time and therapy type (adjusted p< .001) was detected. Fig 2 shows a slightly greater decline in scores for the LP group over the period of 18 months. The interaction between time, therapy type and age was significant (adjusted p< .001) but showed a very small effect size (Table 2 ). For the outcomes EQ-VAS and KiddyCAT, no significant effect of therapy type or any other factor was found ( Table 2 ; Fig 2) .
For all CBCL scale scores, the factor therapy type was significant (Table 2 ), but this effect was attributable to significantly higher scores for the LP group at baseline. At 18 months, no significant differences were found (Internal scale: F (1, 196) For the severity rating by the clinician as well as by the child at 18 months, significant interactions between therapy type and age were established (Clinician: adjusted p = .01; Child: adjusted p = .01). However the small eta-squared values (0.079 and 0.088, respectively) suggest that these differences are negligible.
Treatment intensity
The number of treatment sessions and treatment hours did not differ significantly between groups (Table 3) . At 18 months, 27.6% (27/99) children in the LP group compared to 35.0% (35/100) children in the RESTART-DCM group were still on treatment, a difference that was also not statistically significant (χ2(1) = 1.277, p = .26).
Discussion
The RESTART-trial found that both direct and indirect treatment for preschool children who stutter reduced stuttering during 18 months of follow-up. The direct approach reduced stuttering frequency more quickly during the first three months of treatment, however, the difference was not significant anymore by 18 months. Most outcome measures were slightly in favor of the direct approach (LP), but the few significant interaction terms were deemed negligible due to their small effect sizes. For most children, stuttering frequency plateaued after three months, while about 30% of children were still on treatment after 18 months.
The direct LP and indirect RESTART-DCM treatment are based on different premises and assumptions regarding mechanisms underlying treatment effect (i.e., delivering verbal contingencies versus balancing demands and capacities for fluent speech, respectively). However, Direct versus Indirect Treatment for Preschool Children who Stutter since results for both treatments were comparable, it could be hypothesized that their common components have a larger influence on recovery than their unique components (cf. Imel & Wampold [47] ). In psychotherapy and counseling, this is known as the "dodo bird phenomenon" [48] . According to this hypothesis, treatments that are intended to be therapeutic are equally efficacious. Studies suggest that 30-70% of therapy outcome can be attributed to common factors, including good therapeutic relationships [47] . Unfortunately, little is known Direct versus Indirect Treatment for Preschool Children who Stutter about the unique mechanisms that lead to change in stuttering behavior in both treatments [49] [50] [51] . Common components of the LP and RESTART-DCM treatment may include consideration of maintaining factors, an increase in one-on-one time that parents spend with their child, a boost of encouragement and a reduction of linguistic demands for the child [52] , and emotional support for the parents. Our results do not enable us to distinguish the potential effect of treatment from spontaneous recovery. Spontaneous recovery in the general population at 36 months post onset has been estimated to be 63% or higher [11] . An estimate of the mean time since onset of stuttering at the endpoint in our study is 33 months. Thus, our percentages of children classified as nonstuttering exceed this estimate by about 10% (p = .02; based on statistical test for comparing two proportions from different populations). Furthermore, the chance of spontaneous recovery in our clinical study population is likely to be lower than in the general population, because this chance is known to diminish after 12 to 18 months [11, 14] and 56% of children within our study stuttered for at least 12 months.
Strengths of our study are the large sample size with minimal loss to follow-up, the broad range of outcome measures, the large number of measurement moments, and the relatively long follow-up period (double the time in Jones et al. [33] ). Participating therapists in the RESTART-study worked in usual-care centers throughout the Netherlands. Thus, the treatments were studied in a variety of regular clinical settings with therapists unconnected to the developers of the therapies [50, 53] , therefore employing a practical study design ensuring a high external validity. A limitation of our study is that a high number of children appeared ineligible for participation. Results may therefore not be fully generalizable to all preschool children presenting to a clinic with stuttering. Another limitation is that the applied follow-up time is insufficient to decide conclusively whether a child has recovered from stuttering. This requires a period of about 5 years [11, 54] , to account for the possibility of a relapse. Therefore, we intend to follow-up all children under study.
Conclusions
At 18 month post treatment onset, the evidence suggests that both direct and indirect treatment for stuttering can be recommended. However, direct treatment decreased stuttering more quickly during the first three months. Future research investigating the role of client and clinician factors, the effectiveness of a combined direct and indirect approach, and the cost-effectiveness of a limitation of treatment time or frequency may shed further light on the effectiveness of stuttering treatment in preschool children. 
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